V. vinifera cv. Pinot Noir vines were grown in pots together with blackberry plants and the effect of this association on the grape aroma was assessed. Preliminary data showed that vines that cohabited with blackberry had a different aroma profile compared to vines grown alone. The association with blackberry increased the concentration of 30 out of 74 free aroma compounds and 24 out of 95 bound ones. No aroma compound was identified exclusively in the treated grapes.
INTRODUCTION
The aroma profiles of grapes and wine are greatly influenced by genotype, viticultural practices, oenological techniques and environmental factors, such as soil type, climate, water availability, sunlight, temperature and vineyard topography (González-Barreiro et al., 2015) . To date, only a few studies have investigated the effect of native flora on the grape aroma profile.
In a study performed in Australia, Capone and coworkers (2012) reported that the proximity of Eucalyptus trees to Shiraz vines significantly influenced the 1,8-cineole concentration in the resultant red wines. Increased concentrations of this aromatic compound were found in the leaves, stems and grapes of vines grown close to Eucalyptus trees, and this was due to airborne transmission of 1,8-cineole, as first suggested by Herve et al. (2003) . The influence of native vegetation surrounding the vineyard on the Argentine white variety Torrontes Riojano (Romano et al., 2010; 2014) was also investigated. From analysing the volatile components of the wine, the authors found that five out of the 71 aromatic compounds detected in the wine might have come from Larrea spp., a native shrub commonly surrounding the local vineyards, and these five "exogenous" volatiles were present in high concentrations. The authors hypothesised that the transmission of these compounds from native plants to the grapevines might have occurred through root absorption or by air transmission.
The aim of this paper is to assess if native species, such as the blackberry, have an influence on grape aroma profiles. In order to better assess this effect, we used plants grown in pots under semi-controlled conditions.
MATERIALS AND METHODS
The experiment was carried out in Verona, Northern Italy, in 2013. The plant material was Vitis vinifera L. cv. Pinot noir clone 777 grafted onto 420A rootstock. The vines were planted in 2011 in plastic pots of 45 L containing a mixture of soil and peat (2:1). Two treatments were set up at planting time: 1 -vines planted in association with blackberry plants (Rubus laciniata L.), denominated as "treated vines"; and 2 -vines grown alone as "control vines". Each treatment had three replicates of two vines. Vines were trained to the Guyot system, and the samples were irrigated and fertilised in the same fashion.
The influence on grape aroma of blackberry plants grown in association with vines was assessed in 2013, when the vines were three years old. During the vegetative period (from 1 April to 30 September), air temperature data were collected from a weather station located near the study site (http://www.arpa.veneto.it/). The mean minimum, medium and maximum daily temperatures recorded during that period were 12.5°C, 19.5°C and 26.1°C respectively.
One month after berry set, the vines were adjusted to similar crop loads through bunch thinning. At harvest, 100-berry samples were collected from each replicate and stored at -20°C for aroma analysis. Free and bound aroma compounds were identified by gas chromatography mass spectrometry analysis (GC-MS), using the protocol described by Flamini et al. (2001) . The quantification was carried out by comparing the peak area of each compound to that of the internal standard, using 1-heptanol for the free form and 1-decanol for the bound form.
The effect on grape aroma of the association between blackberry and Pinot noir vines was initially assessed by principal composition and classification analysis (PCCA), using STATISTICA version 8 (StatSoft Inc., Tulsa, OK). The identified aromatic compounds (variables) were screened according to the resulting correlation matrix. Volatiles showing a low discrimination effect between the two treatments were removed, and the remaining aromatic compounds were analysed by a multiple t-test using GraphPad Prism, version 6 (GraphPad Software Inc., San Diego, CA, USA).
RESULTS
The aroma analysis identified 74 free and 95 bound compounds in the grapes, displaying the peculiar volatile profile of the Pinot noir variety (Yuan & Qian, 2016) . Based on the results from the PCCA analysis (data not shown), 64 free and 65 bound compounds were selected according to the higher discriminatory effect between the treatment and control.
Statistical analysis identified 30 free and 24 bound compounds showing statistically different concentrations between the blackberry sample and the control ( Table 1) . The concentration of all these compounds was higher in the treated grapes than in the control vines. For several aromatic compounds, the concentration showed values of two-to threefold higher in the treated grapes than in the control ones.
Among terpenes and norisoprenoids, the most important compounds responsible for the varietal aroma in grapesgeranic acid, epoxylinalol and vomifoliol -were the most abundant compounds for both the free and glycosylated forms of these classes.
Among the free benzene derivatives that were significantly higher in the blackberry sample, benzyl alcohol and phenylethyl alcohol were the most representative, whereas phenylethyl alcohol, homovanillyl alcohol, vanillyl alcohol and acetovanillone predominated in the bound benzene fraction.
With respect to alcohols and acids, the Pinot noir grapes were characterised by high concentrations of hexanoic acid, 1-hexanol and 2-hexen-1-ol, (E)-in the free aroma class, and high values of 1-butanol, 3-methyl-and 1-butanol, 2-methyl in the bound class. No aroma compound was identified exclusively in the treated grapes.
DISCUSSION AND CONCLUSIONS
The preliminary results obtained from this study suggest that native flora grown in close proximity to grapevines can exert an effect on the aromatic profile of the grapes. In this experiment, blackberry plants grown in association with Pinot noir vines significantly influenced the concentration of several grape-aroma compounds, increasing their content compared to that of the control vines grown alone.
We can hypothesise two different mechanisms to explain the increase of aroma concentration observed in the treated grapes compared to the control. For some aroma compounds, such as 3-hydroxy-7,8-dihydro-β-ionol, benzoic acid, benzyl alcohol, 1-octanol and 1-hexanol, airborne transfer from the blackberry fruit and leaves to the surface of the berries might have occurred, as reported previously for 1,8-cineole (Capone et al., 2012) . These compounds, in fact, are the main volatile components of blackberry aroma (Georgilopoulos & Gallois 1987; Humpf & Schreier 1991) , and display high concentration in blackberry plants.
Beside for aerial transfer, a root-mediated transfer can also be hypothesised. It has been well documented that plant roots can secrete many compounds that are able to influence the rhizosphere, the community of soil microorganisms and neighbouring plants (Bertin et al., 2003) . Blackberry roots might have secreted exudates that are able to modify the rhizosphere, enhancing the mobilisation, availability or assimilation of mineral nutrients by vines grown in association with blackberries. This might well have promoted the aromatic biosynthesis, leading to increased volatile contents in grapes.
In conclusion, our preliminary data suggest that the association between blackberry plants and 'Pinot noir' grapevines has a quantitative effect on the grape aroma profile by promoting a higher aromatic concentration. This association seems not to exert any qualitative effects, since no aroma compound was identified exclusively in the treated grapes. The mechanisms of this interaction are still unknown and merit further investigation.
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